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U.S. Nuclear Regulatory Commission 
Region 1, Nuclear Materials Safety Branch 
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475 Allendale Road 
King of Prussia, PA 19406-1415 

FEB07ta 

SUBJE.CT: Amendment to Source Material License STC-133 -
Request to Use Commodity Specific DCGLs at 
Binghamton and Somerville Depots 

Docket No. 04000341 
Control No. 137882 

Dear Ms. Ullrich: 

Review following our submittal request dated January 11, 
2006, indicates that our DCGL estimates based upon DandD 
runs for natural uranium are not conservative. For this 
work, we have opted to select U-238+C and U-235+C as the 
radionuclides of choice versus natural uranium. The use of 
U-238+C and U-235+C shows more in-growth of daughter 
products and therefore the results are more conservative. 
The DandD results for natural thorium versus Th-233+C are 
consistent and no change in approach for natural thorium is 
made. 

This letter request is a replacement of our request dated 
January 11, 2006, and is in reference to your letter dated 
December 21, 2005 requesting additional information to 
continue your review of our request to use site-specific 
DCGLs at the Binghamton and Somerville Depots. There are 

. only two radionuclides of concern, natural thorium and 
natural uranium. Our intent is to be consistent for both 
radionuclides in the selection of the dosimetry method. 
The attached information is provided in support of this 
request for radionuclide-specific DCGLs for natural thorium 
as 37.3 dpm/100 cm2 and natural uranium as 110 dpm/100 cm2

• 

The activity abundance of the natural uranium is U-238, U-
234, and U-235 at 48.83%, 48.83%, and 2.34%, respectively . ....... ........ ....... 0 .. ,, ... ,,,.,,. .. "'" 



Application of the number of alpha emissions per decay 
through each decay chain yields DCGL values for natural 
thorium and natural uranium in terms of alpha emissions at 
224 a:pm/100 cm2 and 448 a:pm/100 cm2

, respectively. 

The following table provides a cross reference to the 
information requests of your referenced letter: 

· ~ .. "'1!.'.mf~llr ",.i11.m'~.,~~ ' f,~~~~ tj;~_.. ~ . 

·3rd.para: 
identity of 
radionuclides 

I 

Parag·raph a. 

Paragraph b. 

Paragraph c. 

Paragraphd. 

Paragraph e. 

.Attachment A, Section a. Radionuclides of 
Concern 
Attachment A, Section b. Scenario for the 
scenario assumptions 
Attachment A, Section c. Critical Group for 
the critical group assumptions 
Attachment A, Section d. Selection of 
Program Code and Model; Application of 
Federal Guidance Report No. 13 
Attachment B. 
Attachment A, Section d. Selection of 
Pro ram Code··and Model 
Attachment 
Uncertaint sis 

The scenarios, models and parameters in DandD were defined 
to be "reasonably conservative" such that they would not be 
"bounding" or unrealistic, while still generally 
overestimating rather than underestimating potential dose. 
Our approa.ch of applying the latest dosimetry models and 
dose conversion factors contained in Federal Guidance 
Report No. 13 does not negate that dose is still 
conservatively overestimated as the remaining default 
parameter values of D_andD were used. However, the 
developed DCGLs better represent the hazards associated 
with the radionuclides than those which would be applied 
under existing Part 20 criteria. 

Our forthcoming final status survey plans (one for each 
Depot) will delineate the application of a gross activity 
DCGL per survey unit based upon approval of the request for 
the radionuclide-specific DCGLs described above. The 
concept of gross activity DCGLs must be applied, as our 
commodities were a mixture of varying concentrations of 
both radionuclides. 



• .. 

Should you have any questions regarding ·this letter, please 
contact me or Mr. Mike Pecullan of our office. You may 
also call Mr. Claude Wiblin, CHP~ at (410) 923'-4653. Mr. 
Wibiin is a representative of our contracted 
decommissioning firm, Chesapeake Nuclear Services, Inc. 

Attac~ents 

Sincerely, 

s~w 
6~ -~I~ REILLY 

Director, 
Directorate of Environmental 
Management 



· Attachment A 

Information for Site-Specific DCGLs at 
· Binghamton and Somerville Depots 

. I 



Information for Site-Specific DCGLs at Binghamton and Somerville Depots 

a. Radionuclides of Concern: natural thorium and natural uranium 

b. Scenario: 

The Building Occupancy scenario model is selected as defined in Volume 1 and 
implemented in Version 2.1 of DandD. 

This selection is based on the following assumptions which parallel those of DandD: 

Radioactive dose results from exposure via three major exposure pathways: 

• External exposure to penetrating radiation from surface sources, 
• Inhalation of resuspended surface contamination, and 
• Inadvertent ingestion of surface contamination 

Other scenario assumptions from DandD which meet our situation include: 

• The building will be commercially used after decommissioning. 
• The occupancy of the building will occur immediately after its release. 
• The residual contamination will be represented by a thin surface layer left 

on the inner building surfaces. 
• The exposure type will be a long-term chronic exposure to low level 

radioactive contamination since major contamination will be cleaned up ' ·;: 
prior to decommissioning .. 

c. Critical Group: 

The screening group is a site-independent population, appropriate for use at both sites, 
which is reasonably expected to receive the greatest exposure given the scenario 
definition. The result of a screening group review is consi.stent with the DandD building 
occupancy scenario; the screening group is expected to consist of full-time adult male 
workers in light industry. 

d. Selection of Program ·code and Model 

Application of the DandD Code: 

The simplest method to select initial screening DandD DCGLs is from Table 5.19, 
Concentration (dpm/100cm2

) equivalent to 25 mrem/y for the specified value of 
P crit from Vol. 3 of NUREG/CR-5512. However, selections for natural thorium and 
natural uranium were not available when Table 5.19 was published and only 
recently has the DandD code included them. The NRC has also published a 
Notice in the Federal Register, June 13, 2000, stating that for' radionuclides not 
listed, the latest version of the DandD code may be used. Our purpose in 
running the DandD code is to obtain these missing P crit values of 0.90 for natural 
thorium and natural uranium. 
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For this evaluation, reverse engineering was applied and 1 o,oqo simulations 
were run to assure that estimated DCGLs would not exceed 25.0 mrem per year. 
Only default parameters were used. The estimated DCGL for the Building 
Occupancy Scenario was 5.9 dpm/100cm2 for natural thorium. To determine the 
estimated DCGL for natural uranium, a mixture of U-238+C and U-235+C was 
used as 11.6 dpm/100cm2 and 0.556 dpm/100cm2

, respectively. Copies of the 
DandD computer runs are attached. 

Applicatio_n of Federal Guidance Report No. 13: 

The Federal Guidance Report No. 13 (FG Report-13) provides methods and data 
for estimating risks due to both internal and external radionuclide exposures. It is 
an update of Federal Guidance Report No. 11 based on current ICRP lung 
models and it includes coefficients for assessing cancer risks from environmental 
exposure to about 800 radionuclides .. 10 CFR Part 20 is based in part on Federal 
Guidance Report No. 11 and requires specific approval by the NRG to use the 
new updated coefficients FG Report-13. 

The FG Report-13 risk coefficients and dose conversion factors are based on 
state-of-the-art methods that take into account age and gender dependence of 
intake; metabolism, dosimetry, radiogenic risk and competing causes of death in 
estimating the risks to health from internal or external exposure to radionuclides. 
Although the dose. per unit intake calculated using the new models does not differ 
by more than a factor of about two from the values in part 20 for most 
radionuclides, the differences are substantial for some, particularly for the 

~ .. :1. isotopes of thorium, uranium, and some of the tra_nsuranic radionuclides. There is 
precedence for this request, for example 1, for inhaiation of insoluble thorium-232, 
the dose per unit intake calculated using the revised ICRP lung model is a factor 
of about 15 times lower than that in part 20. Because release criteria and 
protective measures are based on the hazard, and since the hazard is 
proportional to dose, part 20 requires significantly more protective measures 
when using natural thorium and natural uranium than would be warranted based 
on the revised models. · 

The chemical form of the material is an oxide as that found in nature; the material 
was either part of a metal or ores. Both uranium and thorium oxides are given a 
lung clearance classification of "Y" in Part 20 and to be as consistent as possible 
with Part 20, the most similar lung clearance definition found in FG Report -13 
was selected for these calculations which is slow, "S". To conform with the 
critical group defined above, the dose conversion factors were s·elected as those 
for adults for the effective dose for the 50-year period following intake. 

Tables 1 through 4 compare the inhalation and ingestion CEDE factors for both 
DandD and FG Report-13 for both radionuclides of concern. These tables list the 
CEDE conversion factors for both models and a ratio multiple from DandD to F.G 
Report-13·for each radionuclide in the decay chains. 

Tables 5 and 6 show the annual dose rate by the external, inhalation and 
ingestion pathways by each ra_dionuClide in the decay chains from the DandD 

1 Nuclear Fuel Services, Inc.; Environmental Assessment and Finding of No Significant Impact, 
FR 7/16/03, pages 42139-42140. 
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code runs. The inputs for these runs are for a surface concentration of 5.85 
dpm/100cm2 for natural thorium and for natural uranium a concentration of 11.6 
dpm/100cm2 as U-238+C and 0.556 dpm/100cm2 as U-235+C. 

Application of FG Report -13 dose conversion factors in Tables 7 and 8 show 
dose reductions from 25 mrem to 3.9 and 5.4 mrem for natural thorium and 
natural uranium, respectively. These reductions establish alternate values for 
P crit values of 0.90 for natural thorium and natural uranium as 37 .3 dpm/100 cm2 

and 110 dpm/100 cm2
, respectively. The activity abundance of the natural 

uranium is U-238, U-234, and U-235 at 48.83%, 48.83%, and 2.34%, 
respectively. These are the radionuclide specific DCGLs requested to be 
applied at the Binghamton ·and Somerville Depots. 

These DCGL values are developed into DCGLs based on alpha emissions as 
follows. Data from The Health Physics and Radiological Handbook 2 was used to 
establish the number of alpha emissions per parent decay in each chain. 

• As Th-232 is-in equilibrium with its progeny, there are six alpha emissions for 
each decay of a Th-232 atom. The alpha emissions are one each from Th-
232, Th-228, Ra-2241 Rn-220, Po-216 while Bi-212 and Po-212 combined 
emissions yield one from both. The alpha based DCGL for 37.3 dpm/100cm2 

is then six times that or -224 apm/100cm2
• 

• As natural uranium consists of U-238, U-234 and U-235, the number of 
alphas emitted per decay of a U-238 atom requires consideration of the 
activity abundance of each found in nature, 48.83%, 48.83%, and 2,34%. 

; <. ,t -, • 

U-238 and U-234 are considered in the same decay chain with a total of eight 
alpha emissions for each decay of a U-238 atom. The alpha emissions are 
counted as one each from U-238, U-234, Th-230, Ra-226, Rn-222, Po-218, 
Po-214, and Po-210. Credit was not taken for the insignificant alpha 
emission fractions of At~218, Pb-210, and Bi-210. The contribution to the -
natural uranium alpha based DCGL from U-238+C at 53. 7 dpm/100cm2 is -
eight times that or 430 apm/100cm2 

•. 

For the U-235 series, the alpha emissions total seven for each decay of a U-
235 atom with one each from U-235, Pa-231, Th-227, Ra-223, Rn-219, Po-
215, and Bi-211. Credit was not taken for the insignificant alpha emission 
fractions of Ac-227, Fr-223, At-215, and Po-211. The contribution to the 
natural uranium alpha based DCGL from U-235+C at 2.57 dpm/100cm2 is 
seven times that or 18 apm/100cm2

. 

The combined alpha DCGL from U-238+C and U-235+C at 53. 7 and 2.57 
dpm/100cm2

, respectively, is 448 apmi100cm2
• 

e. Uncertainty/Sensitivity Analyses 

2 The Health Physics and Radiological Handbook, Revised Edition, Scinta, Inc. Silver 
Sprin·g, MD 20902, 1992 .. 
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The NRC has provided justification for the Dando conservative parameters and the 
probability distributipn functions {PDFs) in Volume 3 of the NURE,G/CR-5512: There are 
no parameters used in the analysis which were changed from the) default values. 

Copies of the available sensitivity analyses for both radionuclides are provided as 
Figures 1 and 2. The resuspension factor is the only available parameter. For the 
indicated performance objective value of 25 mrem and since only default parameter 
values were used, the ranges of these default parameters should be acceptable for this 
decommissioning activity. · 

/ 
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Table 1. Comparison of Natural Thorium Table 2. Comparison of Natural 
Inhalation CEDE. Factors Thorium Ingestion CEDE Factors 

DandD FGR-13 DandD FGR-13 

Nuclide 
CEDE CEDE 

Multiple· 
Factor Factor 

Nuclide 
CEDE CEDE 

Multiple 
Factor Factor 

(Sv/Bq) (Sv/Bq) (Sv/Bq) (Sv/Bq) 
232Th 4.43E-04 2.48E-05 0.06 232Th 7.38E-07 2.31E-07 0.31 
228Ra 1.29E-06 1.60E-05 12.40 228Ra 3.88E-07 6.97E-07 1.80 
228Th. 9.23E-05 . 3.97E-05 0.43 228Th 1.07E-07 7.20E-08 0.67 
224Ra 8.53E-07 3.36E-06 3.94 224Ra 9.89E-08 6.45E-08 0.65 
212Pb 4.56E-08 1.90E-07 4.17 212Pb 1.23E-08 5.98E-09 0.49 
Ac-228 8.33E-08 1.46E-08 0.18 Ac-228 5.85E-10 4.01E-10 0.69 
Bi-212 5.83E-09 3.32E-08 5.69 Bi-212 2.87E-10 2.59E-10 0.90 

Table 3. Comparison of Natural Table 4. Comparison of Natural Uranium 
. Uranium Inhalation CEDE Factors Ingestion CEDE Factors 

DandD FGR-13 DandD FGR-13 

Nuclide 
CEDE CEDE 

Multiple 
Factor Factor 

Nuclide 
CEDE CEDE 

Multiple 
Factor Factor 

(Sv/Bq) (Sv/Bq) (Sv/Bq) (Sv/Bq) 
238U·, ·i. 3.20E-05 8.04E-06 0.25 238U 6.88E-08 4.45E-08 0.65 
234Th·. 9.47E-09 7.69E-09 0.81 234Th 3.69E-09 3.40E-09 0.92 
234U 3.58E-05 9.40E-06 0.26 234U 7.66E-08 4.95E-08 0.65 
230Th 8.80E-05 1.40E-05 0.16 230Th 1.48E-07 2.14E-07 1.45 
226Ra 2.32E-06 9.51E-06 4.10 226Ra 3.58E-07 2.80E-07 0.78 
222Rn O.OOE+OO ·222Rn O.OOE+OO 
210Pb 3.67E-06 5.61E-06 1.53 210Pb 1.45E-06 6.96E-07 0.48 
210Bi 5.29E-08 1.33E-07 2.51 210Bi 1.73E-09 1.31 E-09 0.76 
210Po 2.54E-06 4.27E-06 1.68 210Po . 5.14E-07 1.21E-06 2.35 
235U 3.32E-05 8.47E-06 0.26 235U 7.19E-08 4.67E.08 0.65 
231Th 2.37E-10 3.34E-10 1.41 231Th 3.65E-10 3.36E-10 0.92 
231Pa 3.47E-04 2.89E-05 0.08 231Pa 2.86E-06 4.79E-07 0.17 
227Ac 1.81 E-03 5.53E-05 0.03 227Ac 3.80E-06 3.23E-07 0.09 
227Th 4.37E-06 1.04E-05 ·2.38 227Th 1.03E-08 9.09E-09 0.88 
223Ra 2.12E-06 8.68E-06 4.09 223Ra 1.78E-07 1.04E-07 0.58 
234Pa 2.20E-10 4.10E-10 1.86 234Pa 5.84E-10 5.24E-10 0'.90 
214Pb 2.11E-09 1.47E-08 6.97 214Pb 1.69E-10 1.39E-10 ·0.82 
214Bi 1.78E-09 1.54E-08 8.65 214Bi 7.64E-11 1.12E-10 1.47 
223Fr 1.68E-09 1.21E-08 7.20 223Fr 2.33E-09 2.36E-09 1.01 
211Pb 2.35E-09 1.20E-08 5.11 211Pb 1.42E-10 1.78E-10 1.25 
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Table 7. FGR-13 Dose from Natural 
Table 5. DandD Dose from Natural Thorium Thorium Surface Concentration of 5.85 
Surface Concentration of 5.85 dpm/100cm2 dpm/100cm2 

Nuclide External Inhalation 
Secondary 

Nuclide External Inhalation 
Secondary 

Ingestion· 
.• 

Ingestion 
232Th 4.52E-06 2.05E+01 1.85E-02 232Th 4.52E-06 1.15E+OO 5.79E-03 
228Ra O.OOE+OO 5.98E-02 9.74E-03 228Ra O.OOE+OO 7.42E-01 1.75E-02 
228Ac 7.61E-03 3.86E-03 1.47E-05 228Ac 7.61E-03 6,77E-04 1.01 E-05 
228Th 1.93E-05 4.28E+OO 2.69E-03 228Th 1.93E-05 1.84E+OO 1.81 E-03 
224Ra 7.85E-05 3.95E-02 2.48E-03 224Ra 7.85E-05 1.56E-01 1.62E-03 
220Rn 3.13E-06 O.OOE+OO O.OOE+OO 220Rn 3.13E-06 O.OOE+OO O.OOE+OO 
216Po 1.36E-07 O.OOE+OO O.OOE+OO 216Po 1.36E-07 O.OOE+OO O.OOE+oo 
212Pb 1.17E-03 2.11E-03 3.09E-04 212Pb 1.17E-03 8.79E-03 1.50E-04 
212Bi 1.46E-03 2.?0E-04 7.20E-06 212Bi 1.46E-03 1.54E-03 6.50E-06 
212Po O.OOE+OO O.OOE+OO O.OOE+OO 212Po O.OOE+OO O.OOE+OO O.OOE+OO 
208TI 8.81E-03 O.OOE+OO O.OOE+OO 208TI 8.81E-03 O.OOE+OO O.OOE+OO 

Sum of All Pathways 25 Sum of All Pathways 3.92 

1· 

. ' 
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Table 6. DandD Dose from U-238 +C & U- Table 8. FGR-13 Dose from U-238+C and U-
235+C Initial Surface Concentration of 11.6 235+C Initial Surface Concentration of 11.6 
and 0.556 dpm/100cm2 ~and 0.556 dpm/100cm2 

Nuclide External Inhalation 
Secondary 

Nuclide External· Inhalation 
Secondary 

Ingestion Ingestion 
238U 8.97E-06 2.94E+OO 3.42E-03 238U 8.97E-06 7.39E-01 2.21E-03 
234Th 1.35E-04 8.70E-04 1.84E-04 234Th 1.35E-04 7.06E-04 1.70E-04 
234U 1.22E~os· 3.29E+OO' 3.81E-03 234U 1.22E-05 8.64E-01 2.46E-03 
230Th 1.22E-05 8.09E+OO 7.37E-03 230Th 1.22E-05 1.29E+OO 1.07E-02 
226Ra ·- 1.05E-04 2.13E-01 1.78E-02 226Ra 1.05E-04 8.73E-01 1.39E-02 
222Rn 6.43E-06 O.OOE+OO O.OOE+OO 222Rn 6.43E-06 O.OOE+OO O.OOE+OO 
210Pb 4.03E-05 3.37E-01 7.22E-02 210Pb 4.03E-05 5.15E-01 3.47E-02 
210Bi 1.71E-05 4.86E-03 8.61E-05 210Bi 1.71E-05 1.22E-02 6.52E-05 
210Po 1.35E-07 2.33E-01 2.56E-02 210Po 1.35E-07 3.92E-01 6.03E-02 
235U 1.16E-04 1.46E-01 1.72E-04 235U 1.16E-04 3.72E-02 1.12E-04 
231Th 1.45E-05 1.04E-06 8.71E-07 231Th 1.45E-05 1.47E-06 8.02E-07 
231Pa 3.18E-05 1.53E+OO 6.82E-03 231Pa 3.18E-05 1.27E-01 1.14E-03 
227Ac 1.23E-07 7.97E+OO 9.07E-03 227Ac 1.23E-07 2.44E-01 7.71E-04 
227Th 6.08E-07 1.02E-07 _ 7.67E-08 227Th 6.08E-07 2.43E-07 6.77E-08 
223Ra 7.97E-05 1.90E-02 2.42E-05 223Ra 7.97E-05 7.78E-02 1.41E-05 
223Fr 1.00E-04 9.34E-03 4.25E-04 223Fr 1.00E-04 6.73E-02· 4.30E-04 
219Rn 4.28E-05 O.OOE+OO O.OOE+OO- 219Rn - 4.28E-05 O.OOE+OO O.OOE+OO 
215Po 1.36E-07 O.OOE+OO O.OOE+OO 215Po 1.36E-07 O.OOE+OO O.OOE+OO 
211Pb 3.96E-05 1.04E-05 3.39E-07 211Pb 3.96E-05 . 5.31E-05 4~25E-07 

211Bi 3.58E-05 O.OOE+OO O.OOE+OO 211Bi 3.58E-05 O.OOE+OO O.OOE+OO 
211Po 1.66E-08 O.OOE+OO -0.00E+OO 211Po 1.66E-08 O.OOE+OO O.OOE+OO 
207TI 2.93E-06 O.OOE+OO O.OOE+OO: 207TI 2.93E-06 O.OOE+OO O.OOE+OO 
234mPa 2.48E-04 O.OOE+OO O.OOE+OO 234mPa- 2.48E-04 O.OOE+OO O.OOE+OO 
234Pa 5.99E-05 4.04E-08 5.81E-08 234Pa 5.99E-05 7.53E-08 5.21E-08 
218Po 1.45E-07 0.00E+OO O.OOE+OO. 218Po 1.45E-07 O.OOE+OO O.OOE+OO 
214Pb 3.96E-03 1.94E-04 8.41E-06 214Pb 3.96E-03 1.35E-03 6.92E-06 
218At O.OOE+OO O.OOE+OO O.OOE+OO 218At O.OOE+OO O.OOE+OO O.OOE+OO 
214Bi - 2.30E-02 1.64E-04 3.80E-06 214Bi 2.30E-02 1.42E-03 5.57E-06 
214Po 1.32E-06 O.OOE+OO O.OOE+OO 214Po 1.32E-06 O.OOE+OO O.OOE+OO 

Sum of All Pathways 2.50E+01 Suni of All Pathways 5.39E+OO 
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Number of Realizations: 10000 

Alter Performance Objective Value: 

0.8 
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Figure 1. Sensitivity of the Resuspension Factor for Natural Thorium 
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Number of Realizations: 10000 

Alter Performance Objective Value: 

0.8 
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Figure 2. Sensitivity of the Resuspension Factor for Natural Uranium 
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Appendix B - DandD Computer Run Printouts 

.Natural Thorium ...... ' ..... : ........... : ... : .............................................. .-.............................. 8-2 

Natural Uranium .............................. : ...........................................•................................ 8-10 
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Somerville Depot HSA 
Appendix B 

DandD Building Occupancy Scenario 

DandD Version: 2.1.0 
Run Date/Time: 8119/2005 12:48:52 PM 
Site Name: Binghamton and Somerville 
Description: Reverse Engineering to document25 mrem /year from estimatedDCGL · 
FileName:C:\DLA-Proposal\DandD Runs\Th Natural 25 rniem.mcd 

Options: 

Implicit progeny doses NOT included with explicit parent doses 
Nuclide concentrations are NOT distributed among all progeny 
Number of simulations: 10000 
Seed for Random Generation: 8718721 
Averages used for behavioral type parameters 

External Pathway is ON 
Inhalation Pathway is ON 
Secondary Ingestion Pathway.is ON 

Initial Activities: 
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Chain Data: 

Number of chains: 1 

Chain No. I: Th Nat 
Nuclides in chain: 12 
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Initial Concentrations: 
Note: All reported values are the upper bound of the symmetric 95% confidence interval for the 0.9 quantile va~ue 

Model Parameters: 

General Parameters: 

IL=• .. -.. -~~~~-~~~-~!· .. ~ •. ~~.·~~.:.·:-_ .. ·.11 ...... OJf .~·~.·==m·-~----········-. Di;t~ib~tl·~~~==:-·····m················-·····---·--
! 
I • 
~ ---~ ·---------··-·---------· 
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lj~--,_.~~-'-'-,~- ~-,:~~~~---'"'~~-:,rti~e!i~e -in th~.b~ildin~tc!.:i'ring tt10~---""~"~ l[~~~-~-~A~~(~~~:~~~)='"~'"-~-, -·-==-~~---~,,,,~_,_,,_ 

!___ ~~-!~~---~- ~~--"~------- : ()~~l.IP~~~Y_PE!t'()d ___ ___ .. __ ·--. _ ···---·-·- .1 __ _ _ _ . _____ _____ _ _ _ _ _ _ ; 
lj~efaul~-~alue used " _ JI~ __ 4.50E+01 .l 

IEo~~~~anc~~P:"::' __ !l~~o~~~~~-:::_~=-:ccu~=c~-~xpo~u-~:JlicoN_sT:~~(d=~:) ···-~=="-==·:--=-=-=-:--·=--j 
lloefault value used i Value - 3.65E+02 · : 
i=----------·--·· --------·-···-- ··-······-- ········-·························· ·····-·· ····-····-·- ..... --- -·-·----- ------·-··············------ --------------------·-···------------;, .......... ---······-----·········------' -=------- ······· ·-·-· ·------· ---------------------- ,., ·-····- ·-----·-------·------·----·--·-·· .,., -- ··----·---J I i The average volumetric breathing rate · II _ !.~:~~-~:~~~~:.~---~~~e ____ j ~~~~:~ild~g occupancy for~~ 8-hour J CONSTAN=~=··3::_ __________ ------

Jf.oeiauitvaiue-used____ - -- ------------------------------ -- -if~ ---·-------------1.4oE~oo _________ -- ------ -: 
i -···-················· ·····················-----········-·················- -- ...... ,, ...... ---·-- --- . ----- -- -- --- ---· ---··-- ----'"---. ---------------' - . . ' 
1~;~:~~_Jt;;;f;;~~~;~r::~9~h~-1rE~-V~D(1/m)_ ~=,~~== - -.I 

I
-·--····················-·····-···········-······-·--···--- ...................... , ......... ······-·--················--~---·-·--·---···-----------········-···-- -------------------·-················-···•····· ----···· ----- --··--· .. ····- -------------·-·------..J ----·--·--------------- .............. __ .. __ '---- -------· -···· ' . ·- .,, ______ ., -· ... -·-· ' ....... - .. 

! Effective secondary ingestion transfer rate II -

I GO*·I f R t : __ of removable surface activity from building! DERIVED(m**2/hr) 
· nges ion a e : surfaces to the mouth during building 1 _ 

1 : occupancy = GO * Fl l -! ·-··-· -····---- ....................... _______ ., _______ ·-----·--·-···-.. ----' __ ., _________________ . ____ ·-····· ------ .. ---····················--·---·· -----·· ----·· ................ ·····----···--J ----·-----------------·-----.. ·-----·· ..... ,._, ______ -·-··---------------··-····· - .... .. 

l~_:t:~lt-~~~~= ~~=~ ----· --------~----C-------------~--------J_----·-----------.. ----·-------------· 
1!.~.!!~:s~~~--!!.~~----··---·-_JII!l.E!.~~~~rl:i!~~~~~!~~:=J~~:f~~f@~~-===---=~= .. ~-----·--------· .. ··-------··· 
~~~~~~~~ ·------------- ---- -- ~ ----- ... _ .. _. ______________ J~-----------~:.o~~~? _______ ---------~-- , 
!Tend:End Time !IThe ending time of the scenario in days !lcoNSTANT(days) 

, il~mf :~~~~~==-.. -. _-_--_-__ -.-.•-.=-.,.fr.-.• -~ .. ~.·.·.-.-_t __ i_m ... -.-.-~-- s.-.t.•.-_-.P_-_-,_··~'···~ .... ·.-_-_-__ - _· ---- - ---- --]~r~-~-~-~-~T-=A-:N-~-;-d-~y--:--t--·-··~--~--~+-_o-._ 2----~-~--····---··-----... -... "---... _ .. -______ -___ ;;;...,__--·--··;.;;.,....,,,,_-.... -...... -,· 

l l=o=;f=.~=u10.:..t_,_,~a=1u=··---~"-'u=···~=···~=ci - . ---- -- - j v~lu~ --- ---- . 3:65~~o2- ------- -- --- ... '' ...................... ---······-····-·--·-·"-•··••"''"" --- ............................ "'·'-- .. ' .... J .................................... , ..... ---··--·-- ...................... ---·-··- , .................................. ----·----···--··----· 
_ l - i The time steps for the history fi!e~'Doses I 
I Pstep:Print Step Size ! will be written to the history file every n ! CONSTANT(none) 

I_ ___ --------··--___ ! -~~-s~~---------_ .. ____________________ J --- ··--·------·-------------- --------------··-:____ .. ____ ... , ....... ---··--·------···-·--: 
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~oetau1t~a1~=~seci----, '-~==---· · ~,~~-~,~~=:~~-'---·------~--- -- · · - ........ i~ .. 1.ooE+o?. . -~·=---~--1 

I - - m ••• mi Mini~um surf~ce are~ t~ ~hich occupant !I 

I :~~xt:External Exposure, ~c~~~~~~~ ~:ri~~ternal_r:di.:~i~: d~ri~~'- I ~~-~~,:~-~T~=-~*~! _ _ .. _ __ ,=,~~,=='-~'~ 
!f:~~e!au!~-~~~~-~-:~~e~-~ :~~~~-- --~~-- ~~--~-:-~.. ----~ ----~-- _=.__ __ ··"'::--=--"="===~J;;,~~-=-'~=0 =,,=,~-~-:00~.~~ ~-,~----- ..... -- - ... ., ...... J 
I[ . Minimum surface area to which occupant !f 
lj:~~~~~~:~::~on ~~~~~ ~~ri~~alation d~ring _ ... _ (ONS~ANT(m~·2) _ _ __ _ .. .... --c 

li~efault value ~~ed ·------ _ _ __ _ ___ _j~-"------= 1.00E_:'.::01 -.---~~==.,.=--==~ 
I : Minimum surface area to which occupant l - I 
! AOlng_:Secondary . J is exposed via secondary ingestion during ! CONSTANT(m**2) - ! l '~~est~~~ :x~~~-u~~-A~~-~ _i ~C<?.ljP~.n~x p~r_i<?~----. .. ·-·····-- ·······-- .......... ; _ _ _ _ .......... _________ ..... _ . . .... -: 
llDe!~ult value~~~--- _ . ii.Value 1.00E+01 j 

II . i Minimum surface area to whic~ occu~ant ! DERIVED(m**2) 

l~~~;~~~--lis~xe~ed_d:ngth•=~~[ _ . _ . _ ~--- -=--:::J 
Jj~1:~~os~ Fractl~".- j ::~~~7.%~~=~P~-~~~;e~i~~--11~~(1l()~~l___ . -- --
lr.~~f~~lt~~I~~-~~~~ •• •••• ••••• .. ••••• • •·•••• ••••• •••• •• !'~- m•••••••'•••••••••w• 1 __ :??~~?~ •• ''' ••••••>•••-•' 

li[~!~~~~:s .. ~-~~~us~ension j :~!~:i~~~ii~~-:a:~:r for I~:::_______ __ ;lcoNTINUOU~ L_~GARl~~~IC(~/~~ _ ·n···--·-----' 
j 

ii Default value used i 

. f Value 
I i 9.12E-06 

1

,1_ I ~ :~~~~~: 
. 1

1 
1.62E-04 

I 
1 j 1.85E-04 

~I ~~~"-"==-"'~~~~"-"-~~~-'-'--"--~~~~~~~~~~=I .,1 ___ .. _9_._o __ ._E ___ -__ o=4 _____ .. ,"'=~-..=':..~=-'-'~====~-"===-"-"'-·--

Probability 
O.OOE+OO 
7.67E-01 
9.09E-01 
9.50E-01 
9.90E-01 
1.00E+OO 



Correlation Coefficients: 

Summary Results: 

90.00% of the 10000 calculated TEDE values are< 2.47E+Ol mrem/year. 
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' 
' 

_______ ,___. 

The 95 °/o Confidence Interval for the 0.9 quantile value of TEDE is 2.44E+Ol to 2.50E+Ol mrem/year 

Detailed Results: · 
Note: All reported values are the upper bound of the symmetric 95% confidence interval for the 0.9 quantile value 

Concentration at Time of Peak Dose: 

.................. -- ....................... ..................... ........................................... .. .......... , .. j, .. 

ii_. ___ Nuclide .. J_ m -------s~7~;~~PQ~~;!~~~i-~-~--··-·· .... .... . . 
. ,?~_2I~-- - .... Jl?'.~?~!Q.Q_ .. ····-·--- --- H ---··--
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Pathway Dose from All Nuclides (mrem) 

Radionuclide Dose through All Active Pathways (mrem) 

11···:········:················· .. ···········~·~~·,·i~e······· ···············-··- ········-·····,,·-···-·'--··---·-····All····Pjth·~;;;···:··-···································-··: 

, ---···-····-·····-············-··--------- ____ .; - --------···-··--·····__E~e~~-----···-·-··-~ 
!I?~?!~. __ ... ___ Jl?:.9.?~~g~ _ ......... _ __ ···- .. 
ii?_?_~-~~- ____ .................. _________ H§:_~sE-02 __ . ___ ... _ . _. 

:1~?~!'-~----·------·--··· ----· -__ Ji}_ .1~~~Q_?_ _______ . ________ , ___ ·------- i 

1J;~1~:=---"=-·il1:~~~~-------i 
f22oRn =--==-~-~=--=-~-==-1~~3E~a6---=------- ---------~! 
:r==,,==-..:::=-c==·=·~=..;;::::'I.-.-.. --::::...-==-="::;'=======::--·-' 
I 216Po j 1.36E-07 . ; 
:12-12-Pt;·==~-~~-==··-·· 11~.·59E·-~3·--=--=~~.~-~=:~~-~~=-~~~j, 
:l?I2_~1·· :~:~-----~---·· ..::•:~-~::::···~~- ::..JII-Y~~=g1:·•:::···:::~•:····················· ___ ::.··-···············::· ........... :-·:JI' , 
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Dose from Each Nuclide through Each Active.Pathway (mrem) 

r-- . . -. ·~:c;;~e---.. ----T,---- . -------~:~:;~~;-- --- r1, -. . . - --.. ~~ h-a~~~~~~-- ..... . --1!1- -- - . ·- s, ecoe ...... s~t~o~··;y ... ····--············--·····-·······! 
11 _____ ...... _____ _ _____ _;_~' ... --...... _________ ...... _. ____ ,, ___ : __________ ----.. ---~--·-·-----! _____ ... 1!.~L __ !__.!!.._. ___ .. _______ J 

il??_Q~h:==-=·.:==::·:.==: ... =J1~~}~~=9~c~_:.=~·=:~~=:-.:==:Jl§JJS1~~§tL-.. :~~--~::=~-=:: ... -:~--~:=:=·][g-.·a-q~-~~9~~:_ .. ~:--:_::~.~ ... : ....... ~=·~ ..... -... -~---J 
:I~~ ' :l1.36E-07 ' - - ilQ.:.Q_()E+OO ' .... · ' JfD.ooE+OO --- ___ ... __ - j 
!l~_?f_~ .. -~--~·---~h:.1.~~=Q~-------~ _________ j[ill-03 __ -- .. ,,_,, ____ -_ ___ ..... _ .. Jl3:9~~--Q~_ ' ~ 
·:1~~.?~----·---·----Ji_·L~~~~-- .... ---·---------~;l~:.r~:.q_i __ .. __________ ,, ___ Jl?:~2.~i>-~-----,,------------- .. -----···· ___ ,_J· 

11?1?J:>C>.. . __ . ·w·. J9:Q0~:"QQ _jlQ_.OQ~:':Q.Q_.___ ____ .. ll9:90~:"QQ_ _ _____ _i 

' :1?9~!1. ,,,, . .. . . __ :l~~~-~-~-Q~ - ,,, ,., ....... ilo~90~:"90 ... ,,,, ,,,,,,,,,,,, .. ,,... 119:99~:':99. , ,,, ........ ··- ,., .. ,,,,.,, .... _J 
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DandD Building Occupancy Sce.nario 

DandD Version: 2.1.0 
Run Date/Time: 113112006 1 :28:45 PM 
Site Name: Binghamton and Somerville Depots 
Description: Combination of U-235+C and U-238+C at natural uranium concentration ratios. 

Demonstration of DCGL for 25 mrem/y 
FileN ame:C:\DLA \Revision\DCGLs\U~235+C and U-238+C.mcd 

Options: 

Implicit progeny doses NOT included with explicit parent doses 
Nuclide concentrations are NOT distributed among all progeny · 
Number of simulations: 10000 
Seed for Random Generation: 8718721 

· Averages used for behavioral type parameters 

External Pathway is ON 1 ·' 

Inhalation Pathway is ON . 
Secondary Ingestion.Pathway is ON . 

Initial Activities: 
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Chain Data: 

Number of chains: 2 

Chain No. 1: 235U+C 
Nuclides in chain: 13 
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Chain No. 2: 238U+C 
Nuclides in chain: 16 

. ' 
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[l~!~~i_.Jl!_~~~~J[==-=~-:· ... ll?_~ ... __ JIQ.ooQ~_._lL . .. --lC=_=:Jl2~2.Q~'.:QQf[~~~][g-Q~_=--]~~~l<f~==J 

111~::!:- !J:::;;~:~Ji- ll~ -11;;999s -l' --+- -_ _J:~,~~~0~! 1~:~~:~~ -j 1~:b~i~~ i 1fo~:}~--- ~ ·--··-·····-··"'~·-·····-·-·i!J-·-~·-········-·".,.~·---·-~·-·~L .. _ .... .JM .. - •..•.•. ---J-~ ....... Ji ______ ~,J ____________________ JJ _____ ·"-~~ 
lft~~~=Jr?=~=~[If!E~Jf[~~=j[[~~-==:=]~~--~~-=]§~-="~~--=J[i-:45~~~~-1~:.~o6 JJ2.14E-1_ 3 _·-~]fli.I?~i~-=J 
lt~~o~i _JI~ ___ .... _Jl?.QIE~o9:J7 _ __:I~--. . ...... 119 .. mm . IE _ ...... _ Jl1_.23~:99Jl?:~~~=-Q~ Jl?:9?1:'._=1~ __ __ Jl~:?~~=1.? _______ ! 

. ~-~! 0!.~-=J]2:==:=J[l.~~!.9~:j~·-=·--J1._ce:c== JIQ ____ ~_JIQ ____ · ____ _jJ5 :!~~=~7,,,R~~-~~-~6 ll!:l?~~-l 6 __ _Jj~l!_~-1 ?_ __ =j 

Initial Concentrations: 
Note: All reported values are the upper bound of the symmetric 95% confidence interval for the 0.9 quantile value 
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;!23_!jh.- -~-- _-·)1~!6E~Ql-~·.~-- , _ '-'=~~"o~;'~--~-====-=::o:=.o=.J 
:[234mPa l(L l 6E +9_1 ., ____ ___ __ ____ __ __ __ _ ____ j 

!I~~~-~~ -·- ___ . Jl?.:~?:1?'.~ .. 9-~------ __ __ _____ ·--- ........ __ _ 

·liii~==ilL~~~-~=~-·~··-··-··-··-·--------··--· ----····-··-·- _ 
··1~.1.-~~~--------·-Jl_!:~?§~Ql ___ , - .... ··-·-- -- -- ----·-··· 
,1214 Pb _ --_ JI_!_. l ()? ~0.1.. ·- . -· _ .. --··, 

· :l218At !l2.32E-Q_3 .. -----·------------' 
,f214Bi . -. --- -·![i~'i6E+Oi ------ --------- --·------ .. ·----·-------·---------: 

:1ijj·~~.=~~--··--il}~~~~Q.!~::_-__ , •.. ~:~.-·:····:···::••:~·····:·::~.~·-·:•::· __ --·_·---·-······--:~···:_~--~~.·~=::::··1 
il_210Pb ___ Jl~::t=Q.1_. ________ ~'------------·---_j ·r···· -- · ---------.. --.... --,----·---------------------------------· --------·------------------------.. ----·-·----·: 
; 210B1 1 l.16E+Ol 1 
: ·-·-----· .. ··-·-·---·---·---·--·- --- ____ } -·-·· ................................................ ·-· --·- - ,_,,, __ .,... ...................... .. ............................. _. __ j 

:1210P0 :11.l6E+Ol · i : ---·/.---.. -=-=-~·::--'"-- of' ·-· ""'"~~-·--•~•··---·•-<--"'"" __ ,.,,__,,, 0,,_,_,_,~---·--···-·"' MO''"''' .. M'O ~MO•••O•UU• ,,,_,,_.,! 

Model Parameters: 

General Parameters: . 
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Probability 
O.OOE+OO 
7.67E-01 
9.09E-OI 
9.SOE-01 
9.90E-01 
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Pathway Dose from All Nuclides (mrem) 
·---····-··-"·······"'-· -· ..... .. - - --·-·-'"··-···--···-- ... ., ..... __ . .,, ... __ ········-· ··-· ., .... , .. ,. ________ ., __ ,.,, ........ __ ,._,. 

·1 All Pathways 11 · I · · • · j Secondary i 
i ~-· ___ Dose --___ J --- Exter~~ ___ J ____ Inh~l~bo~----J .. . In~estio~ J 
[50E-+ai-·-· -·-·- -- - ... . -_ ··ir2.~-·-~::.oi~-- -~~:--_ ll2Ts~+9;· ·-----~ .-. --~- -----~--~ J!8:?_?~9I~-~=~~~~~-~-=-~-~] 
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ff2°"1°i'P;;'~~==:-=,==-=""===-J···ri.66£=o8 _____ .~,=='"~~-~,,,, ,,,_'. 
,!:__ ____ ~------~~-- , ....... --... ~ -~····--- .. - '---·---·--·--... - .. ·----'--·····-· .. ·-·····J 

!l?O?Tl _ _ ______ ...... ..Jl?:~?~=.Q§.. __ .. ____ ........ ·····-' 

tf ~jf~-~~~ ~==-=-J:~{~~~~-=~=:-:·.:.••-~=-:=:1 
'[234~a---· :j2.48E-04 . . .. __ -'. 
:i234P~- --- - -.... - 116:00£-05 · · . ·: 
i,·==":~-==:-~=°'=·="="="=:co:F-".c:c.::.::.o.:.:::=.:=~::::.::::::c:::;;.:::.:::::=c~=..:.:=:c.::.~:::=c:.:-.::.-::::.:=~. 
! 234U · · :13.29E+OO i 
! ·-- ---------~- __ . ___ ....___ __ ._,.._~,- ..,! -~-·-·"'"·-~--~.-~~~~"'~ •• ·~·~--~-~--··...,..,... ....... 

!l230Th . !18.lOE+OO ! 
1 •- - ">N• ~ ••• •••·-~·- vv•• •v,l _,_.___ ·-•·-·•••••••••·•--•••-·"••- •••·••••-~··-~--~·-·-~~·· .,._,._ ,,,j 

,,~2-6~~-----· _______ .;. ___ ____:_J~·l! .. ~:Q_l ----... ··---··~--------·-··! 
[
·--·----------------------------r·---------------, 
i 222Rn 116.43£-06 . i 
I ................ , ............ _____ ._ ...................... __ ··-···--.. ·······-...J ····-··---·--·-· .............. - ......................... ········--··········. ............... . .. , 

:l218Po I! 1.45E-07 

!~F~===3tr-~--~-~-:~~-~--~-:~-~-::.::-,:.-~•--=-.•~~-=-~--=---=--~-=---c.-~l, 
:12-i~T:=·= =-~=-~~~=~ ~i1i. .. }l~~O.i=~~=m~:-~~ .... -. .... .. 1 ·· 

• 
1 !214~~ JJ.!.:32E_::Q§____ .. ___ , 

lr~-iQ~~ _ -- :::: :~ :~:·: :: ::::_H~~:~:9.ffi"~gC:~-~~~~-·:::=-~-:~~~:~~----:--~:::~J 
:1210Bi · li4.97E-03 ; 
:l'"'-""'"'~:.::::::: ..... -::::=..-:==:.:::::=:: .. :.:::.".'::.=::::::; .. =::::: ... _ ..... ~.!~"·''=.:.=~-==:.c-:::::.==:::=-....::.:::::.: .. ":::..:...=::::-"_:::_..... ' 

i 210~0 · . il2.59E-01 i 
: ,,_. __ ,,_,,~-'"""'""'-·~•"0'"="~--~-,;,,,,""""'-""~'-·~-.Jl,~~--N-•'---··--~~M_,, ___ ,..,_~_,,,, __ 

!~~~li~~~ .......... · .............. ········· Jl~:.?.9§~Ql ... : ''' . ,, ....... .. -- __ , 

Dose from Each Nuclide through Each Active Pathway (mrem) 

~[~~;~~I=-~=L=~-:=J·. 
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